SUMMARY: In a whole cell assay system with p-nitrophenyl phosphate as substrate, strains of Mycobacterium tuberculosis and M. bovis were identical in the pH-activity pattern of acid phosphatase. It was a one-peak curve with a pH optimum at 6.2 and sharp symmetrical slopes. The enzymatic activity did not reflect the virulence. When the cells were subjected to mechanical fractionation, the major part of the enzymatic activity was found in a particulate fraction and a minor portion in supernatant and cell walls, suggesting the location of the enzyme in the membrane. Exposure of the cells to free long-chain fatty acids, especially unsaturated ones, reduced the enzymatic activity in a dose-response manner with concomitant decrease in the viability.
INTRODUCTION
In 1934, phosphatase activity of tubercle bacilli was first demonstrated by Kawabata (1) as the hydrolysis phenomenon of p-glycerophosphate. Later, when mycobacterial species other than tubercle bacilli emerged into medical concerns, some authors (2-6) were interested in this enzymatic activity expecting the usefulness for bacterial taxonomy. In these studies, p-nitrophenyl phosphate was conveniently used as substrate and the activity was revealed only in acidic environments, the reaction intensity and pH optimum being different from one species to another. Heat-stability was an additional characteristic of certain species.
Meanwhile, this enzymatic reaction has been employed also in other bacterial genera and species, not only for the taxonomical purpose (7-12) but also for distinguishing pathogenic strains from nonpathogenic ones (13-15).
p-Nitrophenyl phosphate is a sensitive substrate for screening nonspecific phosphatase.
Therefore, it has been most commonly used in this area of biochemistry.
However, little has been known about the physiological significance of the enzyme.
Recently, the interest in microbial acid phosphatase developed newly from two lines of studies; one is those concerned with the genetical background of virulence in Salmonella typhimurium (16-18) and the other is those of cell-surface glycoproteins in yeasts (19) (20) (21) (22) and Leishmania species (23). These reports suggest that acid phosphatase is located on the cell surface as glycoproteins in the later stage of its evolution, whose polysaccharide moiety projecting toward the outside of the cell and protein moiety of enzymatic function being situated within the cell or in the periplasmic space.
With the above information in mind, an attempt was undertaken by us to characterize the acid phosphatase activity of Mycobacterium tuberculosis and M.
bovis. The present paper is to describe the fatty-acid sensitivity of the enzymatic activity correlating with the decline of the cell viability, on an assumption that it is a suggested evidence for a cell-surface event.
MATERIALS AND METHODS
Mycobacterial strains: Two strains of Mycobacterium tuberculosis, H37Rv (ATCC 27294) and H37Ra (NIHJ 1634), were employed. The former strain was obtained from Department for Medical Microbiology, the University of Wisconsin (D. W. Smith), and the latter from Trudeau Institute, U.S.A. Three strains of Mycobacterium bovis were employed. They were Japanese strain of BCG (NIHJ 1608), Ravenel (RIMD 1314004), and Ushi 10 (IID 584). Ravenel strain was obtained from Trudeau Institute, U.S.A. These strains have been maintained by subculture on Sauton synthetic liquid medium at 10-to 14-day intervals. For preparation of a bacterial suspension, pellicle growth on this liquid medium was harvested and semidried between layered folds of absorbent filter papers. A weighed amount of the bacterial mass was then suspended to a desired concentration by adjusting the added amount of distilled water. To make the The suspension was then centrifuged and the resulting pellet of bacteria was resuspended to a concentration of 20 mg cells per ml. A 0.2-ml portion of this suspension was employed for the acid phosphatase activity assay system as usual.
Assay for bactericidal activity with long-chain fatty acids: Small test tubes were dispensed with 1.8 ml of 0.05 M acetate buffer pH 5.5. Each fatty acid was added by the method described before. A 1 mg per ml suspension of BCG in an amount of 0.2 ml was then mixed to each buffer-containing tube, which was incubated at 37 C. During the incubation, a 0.2-ml aliquot was pippetted out from each tube in 0, 20, 40 and 60 min to make serial 10-fold dilutions therefrom. These dilutions were used for the viability test with glycerol egg media of Ogawatype. Colony counting was made after 3 weeks of incubation at 37 C. Viable units in the original assay system were calculated from the number of colonies developed.
Mechanical fractionation of H37Rv cells:
An avirulent strain of M. tuberculosis, H37Rv, was employed to obtain a cell-wall, particulate, and supernatant fractions by mechanical means. The pellicle growth on the surface of modified Proskaeur Beck medium was harvested in 4 weeks. With this harvest as the starting material, the above cellular components were prepared by disruption of the cells in PBS with a Warning blender containing glass-beads of 100 mesh and subsequent fractionation of the homogenate by differential ultracentrifugation. The procedure was detailed previously (24).
RESULTS
In the beginning, pH-dependency of the acid phosphatase activity was compared between M. tuberculosis and M. bovis, each with two or three strains.
As shown in Fig. 1 , all strains were identical in the pattern of the pH-activity curve with a single sharp peak (optimum pH) at 6.0 to 6.2 and with almost symmetrical slopes. This pattern never changed in repeated tests and with any other strain, though the reaction intensity varied more or less from one experiment to another. These results suggest also that the virulence of the strains is not always related with the enzymatic activity. This was confirmed by a dose-response experiment comparing between H37Rv and H37Ra of 2-week growth on Sauton synthetic liquid medium (Fig. 2) . Almost the same straight lines were obtained in response to the twofold dilutions of each cell suspension containing 20 mg to 2.5 mg. In view of this result, we chose the attenuated strains (H37Ra or BCG) as the main working materials in later experiments. reaction was remarkable with all unsaturated fatty acids at concentrations higher than 0.1 mM. Among saturated acids, C14:0 (myristic) fatty acid alone showed definite inhibition.
Our next concern was directed to the question whether such effects on the enzymatic activity are accompanied with the bactericidal effects. This test was conducted in a combination of 0.1 mM fatty acids and 1 mg of BCG at pH 5.5.
Viable counts and the enzymatic reaction were determined at 20-min intervals for 60 min. The results are summarized in Fig. 4 , where the concomitant decrease in the viability and the enzymatic activity is clearly demonstrated. Again, C16:0 and C18:0 fatty acids were inactive but C14:0 but unsaturated fatty acids were highly active in both the bactericidal and enzyme-inhibitory effects. However, this does not always mean the causal relationship between these two events. In fact, acid phosphatase is not reportedly essential for bacterial growth (30) . Besides, inhibition of various enzymatic activities by unsaturated fatty acids has been reported in other species of bacteria, e.g., oxidation of glucose-6-phosphate (31), oxygen consumption (32), uncoupling of electron transport chain (33), NADH2 oxidase (32), amino acid transport (34) , and glucose incorporation (35) . All these observations may suggest that fatty acids affect the vital structure of the plasma-membrane resulting in damage or malfunction of membraneassociated enzymes. Mycobacteria are one of the most sensitive bacterial species to long-chain fatty acids. Generally speaking, gram-positive bacteria are more sensitive than endotoxin-containing gram-negative rods (29) . There is a good evidence to believe that the lipopolysaccharide molecule projecting from the outer-membrane is preventing fatty acids from penetration into the inner membrane structure (34) . In this context, we are inclined to think that tubercle bacilli have a cellsurface structure of high affinicity with long-chain fatty acids and the cell wall architecture favorable to convey them to the cytoplasmic membrane. The hydrophobic property of tubercle bacilli may be contributing to their fatty acidsensitivity.
As for lysolecithin, we have already demonstrated that its mycobactericidal activity is due to the free fatty acids released therefrom by the enzymatic activity of the exposed bacterial cells (36) . Therefore, the effect was of the secondary nature and of the delayed type, despite of its hydrophilic and surface-active (38) . This observation was explained to be due to the action of fatty acids released from phospholipids of the membrane. In vivo grown tubercle bacilli separated and purified mechanically from infected mouse lungs did not have acid phosphatase activity of its own pH optimum but showed an acid phosphatase activity of the host cell type (39) . This observation will be compatible with those of the present study. 
